We present observations of the full January 2010 transit of HD80606b from the Canadian microsatellite, Microvariability and Oscillations of Stars (MOST).
Introduction
With its unusually high eccentricity of e = 0.93 and long orbital period of 111 days, HD80606b challenges our understanding of exoplanets. This planet was discovered by Naef et al. (2001) via radial velocity techniques in which they determined a minimum planetary mass of 3.9 M Jup . The occultation of HD80606b was observed with the Spitzer Space Telescope eight years later indicating that the inclination of the planet is greater than 89
o (Laughlin et al. 2009 ). The existence of an occultation indicated that there was a 15% chance that this planet would also have a visible primary transit.
Despite the low probability, several independent groups detected the February 2009 primary transit from ground-based observatories (Fossey et al. 2009; Garcia-Melendo & McCullough 2009; Hidas et al. 2010; Pont et al. 2009; Moutou et al. 2009 ). The full transit was later observed by Winn et al. (2009) who used multiple ground-based observatories to sew together complete coverage.
Winn et al. (2009) also confirmed a spin-orbit misalignment of 53
o that was first predicted by Moutou et al. (2009) . It is possible that the high eccentricity and tilted orbit of HD80606b are the result of the Kozai mechanism induced by the system's binary stellar companion HD80607 (Wu & Murray 2003) .
Since the 12 hour duration of HD80606b's transit presents a difficulty for accurate ground-based observations, Hébrard et al. (2010) employed the combination of Spitzer photometry and SOP HIE spectroscopy to continuously observe the full January 2010 transit. Hébrard et al. (2010) discovered their mid-transit time to be approximately 24 minutes earlier than the value predicted by Winn et al. (2009) . In addition, Hébrard et al. (2010) found their R p /R * value differed by 3σ compared to the results obtained by both Pont et al. (2009) and Winn et al. (2009) . Shporer et al. (2010) launched a multiple-site ground-based observation of the same transit in an attempt to confirm the Hébrard et al. (2010) timing discrepancy. Their midtransit time was 12 minutes earlier than predicted and within 1.3σ of Hébrard et al. (2010) .
We observe the January 2010 transit of HD80606b with the Microvariability and
Oscillations of Stars (MOST) earth-orbiting optical telescope with the goals of: (1) determining a mid-transit time using both Winn et al. (2009) and Hébrard et al. (2010) orbital parameters and (2) derive an independent set of results for the planetary radius, inclination, and mid-transit time. Our observations by the MOST telescope are described in §2, our light curve modeling is detailed in §3, and we present and discuss our results to both goals mentioned above in §4. We conclude this paper in §5.
Observations
The Microvariability and Oscillations of Stars (MOST) is a microsatellite with a 15 cm aperture photometer designed for asteroseismology, but is well-suited to observe short period exoplanets around solar type stars (Rowe et al. 2006 pixels. We capture images of both HD80606 and HD80607, but we are able to constrain HD80606 within a 3 pixel radius compared to the binary stars' separation of 10 pixels.
Stray light for MOST varies from 100 ADU to 1500 ADU as it passes over the polar caps and day/night boundary of Earth. We remove data that has a background level above 800 ADU (about 100,000 points). At this lower level of stray light, our photometric error is equal to the expected Poisson noise limit. For a detailed procedure of standard observation and data reduction of MOST data, see Rowe et al. (2006) . Figure 2 demonstrates that within the error of our measurement, the transit is symmetric and we are not forced to make necessary modifications for an asymmetric effect. The large gap occurring at 24552005.5 is due to the instrumentational error discussed above.
Lightcurve Modeling
We use the fitting process described in Barnes & Fortney (2003) . With high eccentricity, the transit duration is correlated to the inclination and argument of periapsis of the planet's orbit. The transit ingress and egress times also experience a several minute asymmetry, with the ingress duration shorter than the egress in the case of HD80606b. We account for these variations by explicitly incorporating orbital eccentricity in to our code, as detailed in Barnes (2007) .
In this routine, we do not account for the impact parameter b as this parameter is directly related to the inclination in an eccentric orbit by
By fitting for the inclination alone, we accelerate the fitting algorithm.
We fit the out-of-transit flux dynamically in our model instead of assuming a value.
Out-of-transit points that fall more than 3σ outside of this photometric baseline are removed.
Our best fit transit model is determined by minimizingχ 2 through a Levenberg-Marquardt fitting algorithm.
As our data is not precise enough to fit for the limb darkening parameters combined with our other fitted parameters, we hold both coefficients constant. Our limb darkening parameters are established by using the defined MOST quadratic parameters of HD80606 with a T ef f = 5645K and log g = 4.50 (Naef et al. 2001) . These coefficients are manipulated to fit our model by using the limb darkening method highlighted in Brown et al. (2001) . Our first coefficient, designated as c 1 = 0.742, represents the magnitude of darkening while our second coefficient, c 2 = 0.458, accounts for the curvature of the transit (Barnes & Fortney 2003 ).
We do not account for any other systematic effects or correlated noise. Therefore, we assume all errors to be random with a Gaussian distribution. See Barnes & Fortney (2003) ; Barnes (2007) for additional details regarding our model.
We execute two different model fits: the first model is used to verify the mid-transit time reported by Hébrard et al. (2010) and a second to determine our own independent parameters. In our effort to reproduce the Hébrard et al. (2010) In establishing our independent best-fit parameters, we determine that our data are only adequate to fit for four parameters: planetary radius (R p ), mid-transit time (T mid ), We conclude that the difference in mid-transit times between the two groups is not dependent on their varying orbital parameters. Furthermore, we determine that our results have less than a 1σ discrepancy from the mid-transit time determined by Hébrard et al. (2010) . A visual comparison of each mid-transit time with uncertainties is displayed in Figure 3 . We also highlight the mid-transit timing results from an independent ground-based group, Shporer et al. (2010) , in Figure 3 who observed the 2010 January transit. Our overall timing results are also listed in Table 1 . We therefore propose the hypothesis that the difference in mid-transit time derives from systematic errors that depend on the method used to observe HD80606b. 
Mid-Transit Time

Complete Transit Fit Parameters
We determine two independent sets of parameters for HD80606b, which we will discuss and compare in this section. Figure 2 shows MOST's HD80606b transit lightcurve with the data unbinned and each point representing 80.40 seconds of observation. The large gaps between each cluster of data is the result of Earth passing between MOST and HD80606 (Walker et al. 2003) . Unfortunately, two of these blackouts occur during large parts of the transit ingress and egress. In order to minimize the effect of these blackouts on our fit, we hold our limb darkening coefficients constant during the entire fitting routine.
We further minimize the effects of scatter and blackouts in our data by electing to fit for only four parameters. These four parameters are: planetary radius (R p ), inclination (i), mid-transit time (T mid ), and the out-of-transit baseline flux. In this section, we will denote our results with either a superscript FH or FW, for Hébrard et al. (2010) or Winn et al.
(2009) respectively, based on which of the groups parameters were used (e.g.:
We perform two separate fits using parameters obtained by Hébrard et al. (2010) and Winn et al. (2009) as fixed constraints. These parameters, which we hold constant while fitting, are listed in Table 2 . Our two sets of results (corresponding to the two different sets of fixed parameters) for the planetary radius, inclination, and mid-transit time are listed in Table 3 along with the results of both Hébrard et al. (2010) and Winn et al. (2009) for comparison. We also report the χ 2 r of each of our fits. However, the difference between the two χ 2 r is minimal. This leads us to conclude that while our results determined by using the Hébrard et al. (2010) constant parameters yields a smaller χ 2 r , the accuracy of our two fits is statistically comparable. This agreement is demonstrated in Figure 2 as we plot our two best fits against each other. The solid blue line represents our best fit employing Hébrard et al. (2010) constraints while the red dashed line is our best fit using Winn et al. We assume that the R p /R * ratio should be the same for both our fits as the transit depth of our data does not change. We find that our (R p /R * ) F W and (R p /R * ) F H measurements are separated by 1.2σ. Regardless of the difference in our stellar radius constraint, we still achieve statistically similar results. Our R p /R * results straddle Hébrard et al. (2010) result. We also find that our (R p /R * ) F W is the smallest ratio of the set of results whereas Winn et al. (2009) determined the largest R p /R * for HD80606b with a difference of 3σ.
The orbital inclination is directly dependent on the stellar radius, making it difficult to compare our two i F H and i F W results. We find it interesting that both our i F H and i F W results are exactly 1σ larger than the inclinations determined by Hébrard et al. (2010) and Winn et al. (2009) respectively. This is likely due from the blackouts occurring in the ingress and egress of our data, which cause a difficulty in fitting the exact curvature of the transit. We do not report an independent estimation of the impact parameter, as we do not fit for this variable. Instead, we calculate b using Equation 1 to allow for comparison and find that our b F H is slightly larger than our b F W but less than 1σ difference.
Our mid-transit times in both of these complete fits differ from the timing only fits listed in Table 1 because they are the best fit times based on the other fitted parameters.
As we fit for multiple variables, the resulting errors on these times are higher than the ones listed above. We still find a mid-transit time earlier than predicted; however, the spread between our T F W mid and T F H mid results is a 3 minute difference, even though they have a less than 1σ discrepancy. Interestingly, our T We verify our mid-transit time by fitting public spectroscopic data from Hébrard et al. (2010) and our photometric data simultaneously. While the quality of our transit leads to large uncertainties in most of our parameters, we determine a mid-transit with less than 1σ difference to our T F W mid . We further confirm the period, eccentricity and longitude of periapsis determined by Hébrard et al. (2010) . Since these do not deviate from the orbital parameters established by Winn et al. (2009) , we do not consider it necessary to delve in to this finding. We also fit for the impact parameter and R p /R * . However, both values as well as the uncertainties associed with them are extremely skewed. We therefore conclude that fitting our transit for more than four parameters leads to large inaccuracies in our model and only report those parameters fitted with the constant constraints from Winn et al. (2009) and Hébrard et al. (2010) . 
Constant Parameters
Conclusions
Employing the optical telescope MOST we observe the January 2010 transit of HD80606b. Using the fitting routine detailed in Barnes & Fortney (2003) and modifying it for the high eccentricity of this planet's orbit, we address two separate goals. We first investigate a mid-transit timing discrepancy discovered by Hébrard et al. (2010) and find that our mid-transit time of 2455210.6449 ±0.0034 HJD is within 1σ of Hébrard et al. As Wu & Murray (2003) have theoretically ruled out the possibility for a separate planet causing these variations and Barnes & O'Brien (2002) discarding the hypothesis for the existence of an exomoon, we think the transit timing variation is caused by systematic errors depending on the contrasting methods of ground-based and space-based observations.
We also present an independent set of parameters for the planetary radius, orbital inclination, and mid-transit time of HD80606b derived from the MOST photometry. We use the orbital and stellar parameters determined by Winn et al. (2009) and Hébrard et al. (2010) and hold them constant during the fitting process. We find that our two sets of results are statistically similar to each other and there are no unusual discrepancies occurring even with different constraints. With Hébrard et al. (2010) parameters, we further determine that all of our results are within 1σ of their results. However, we also discover that our fitted planetary radius is 2.2σ smaller than Winn et al. (2009) result.
When fitting for our own independent mid-transit time, we find that our mid-transit times differ between each other by 3 minutes but remain less than 1σ apart. Furthermore they are 18 minutes earlier than predicted by Winn et al. (2009) . We also conclude that the mid-transit timing issue is not due to the differing in the orbital or stellar parameters of Winn et al. (2009) compared to Hébrard et al. (2010) .
As we are currently relying on the observations of only two transits, we lack the data necessary to draw any sound conclusions regarding the discrepancies in our results.
Future observations, both with ground-based and space-based telescopes, are a necessity in order to better address the transit timing issue. These observations will also further constrain the orbital, stellar, and planetary parameters of HD80606b and aid in bettering our understanding of the formation and evolution of this unique system. 
